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planations of hearing should try to deal
with the direct action of sound-waves upon
the brain. But pathology quickly tells
us that hearing is made impossible if the
auditory apparatus breaks down in any
way, and that the problem here is therefore
the same, after all, as that of the other
senses. If the auditory nerves be thrown
out of action, the centers are found to be
quite unaffected by the sound-waves which
must pass through them. And the fact
is not without a parallel, for it is known
that the cerebral centers for touch-sensa-
tion are entirely insensitive when they
themselves are touched. Only through
the appointed nerves can any of these
cerebral centers be aroused. It is there-
fore practically, though not physically,
correct to say that sound stops at the coch-
lea as light does at the retina.

Fine appreciation of sound more remark-
able than a sense of absolute pitch

We are thrown back on the auditory
center and its properties if we desire to
learn how the ear analyzes and identifies
sounds. Anatomists may call the cochlea
the '' inner ear ", but the real' * inward ear '',
like the "inward eye ", is to be found in the
cortex cerebri alone. We have already ob-
served the range of its capacities, but
their quality has scarcely been suggested.
Many musical people have what is called
"absolute pitch", which means that they
can identify the pitch of any musical note
they hear. The brain can carry its mem-
ory of pitch so that the hearer can say,
at once, and without calculation or thought,
that the motor-horn in the street sounds A,
or that a whistle is in F sharp, and so on.

But the study of acoustics shows that
the ordinary qualities of ordinary ears
are really more remarkable than this
sense of absolute pitch. When we dis-
tinguish the same note sounded by a horn,
an organ, a piano, a violin, a clarinet, a
friend's voice and a second friend's voice,
our ears prove themselves capable of dis-
tinguishing and identifying the minute
"overtones", or "harmonics", which con-
stitute the difference between these differ-
ent sounds, all of which are of the same
fundamental pitch.

Orchestral and choral conductors pos-
sess fineness of aural discrimination which
is almost incredible, readily picking out a
wrong note played by one of perhaps a
hundred and twenty instrumentalists.
Yet acoustics tell us that separate sound-
waves from each instrument cannot pos-
sibly reach the ear when we hear an orches-
tral chord. When more notes than one
are sounded simultaneously, the resulting
wave-form is a complex product, which is
none of its constituents, and yet is affected
by each of them. But the ear is capable,
so to speak, of reconstructing in its
entirety the sound-wave which does not
really exist at all as such, but only as a
modifying factor in the complex blended
wave which reaches the ear. It will be
evident that, since a particle of air can-
not be simultaneously moving in two
different directions, what happens when
two different waves travel through the
same air is that neither wave can survive
as such. They destroy each other, and
produce something else. But from the
features of that something else the musi-
cian's ear can readily reconstruct and imag-
ine that it hears each or any of the waves
which were destroyed in order to produce
it. What, then, can we positively assert
of the cortical center ? For instance, must
we begin by assuming that there is a
separate process, a separate substance,
or a separate cell, for each of the twelve
thousand distinct aural sensations which
a good ear can identify ?

The appreciation of gradations of sound
similar to that of gradations of color

The answer to this must be negative.
There cannot be so many distinct processes,
but there must be a much smaller number
of distinct processes which blend with one
another in varying proportions so as to
produce all the different pure tones, twelve
thousand or so in number, which a good
ear can identify.

This is rendered the more probable by
the very definite evidence of vision, when
we saw that the infinite gradations of color
which the eye can distinguish are depend-
ent not upon a separate provision, some-
where, for every possible tint, but upon